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the surface of a polyimide film nearly perfectly 
by performing dry etching of an inorganic 
insulating film by RIE using the polyimide film 
as a mask, and by removing the surface of the 
polyimide film by a given quantity after that. 
CONSTITUTIONS opening is formed in an 
inorganic insulating film 12 by dry etching by 
RIE, using a polyimide film 1 3 having a 
specified holed part as a mask. After the 
surface layer of the polyimide film 13 of a 
thickness of about 2,000 angstrom is removed 
by an 02 plasma asher method, as a 
processing of the polyimide surface layer after 
the dry etching i.e., a fluorine remaining layer 
15, washing by water and heat treatment are 
performed, and a laminated passivation film, 
composed of the inorganic insulating film 12 
and the polyimide film 1 3 not having a fluori 
remaining layer 15 in the polyimide film 13, 
completed. As a result of this, it becomes 
possible to prevent the corrosion of pads ar 
wirings even if water enters molding 
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A process of forming a laminated passivation film including a polyimide film 
13 and an inorganic insulating film 12 includes a step of removing a certain amount of a 
surface layer of the polyimide film 13 after forming a laminated passivation film by a 
step of forming the inorganic insulating film 12 for passivation over a metal wiring 11 
5 having a predetermined pattern over a semiconductor substrate and by a step of forming 
the polyimide film 13, and after forming an opening in the laminated passivation film at 
a predetermined position by a step of opening the polyimide film 13 and a step of 
opening the inorganic insulating film 12 with the polyimide film 13 used as a mask. 
[Effect] 

1 0 According to a manufacturing method of a semiconductor device of the present 

invention, a manufacturing method of a semiconductor device can be provided in which 
adhesion with the molding resin is good and the corrosion of pads and wirings is not 
easily caused even if moisture intrudes into a molding resin. 
[Scope of Claims] 

15 [Claiml] 

A manufacturing method of a semiconductor device comprising a step of 
forming a laminated passivation film having a step of forming an inorganic insulating 
film over a metal wiring formed over a semiconductor substrate; a step of forming a 
polyimide film over the inorganic insulating film; a step of forming a photoresist over 

20 the polyimide film; a step of providing a predetermined opening in the polyimide film 
by etching with the photoresist which had been formed into a predetermined shape used 
as a mask; a step of removing the photoresist; a step of subjecting the inorganic 
insulating film to dry etching by RIE with the polyimide film used as a mask; and a step 
of removing a certain amount of a surface layer of the polyimide film. 

25 [Claim 2] 

The manufacturing method of a semiconductor device according to claim 1, 
wherein the step of removing the certain amount of the surface layer of the polyimide 
film is performed by an O2 plasma asher method. 
[Detailed Description of the Invention] 
30 [0001] 
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[Field of Industrial Application] 

The present invention relates to a semiconductor device and a manufacturing 
method thereof, particularly, a step of forming an opening in an inorganic insulating 
film layer in a laminated passivation film including a polyimide film and the inorganic 
5 insulating film layer. 
[0002] 
[Prior Art] 

An example of a conventional step of processing an opening in a laminated 
passivation film including a polyimide film and an inorganic insulating film layer is 

10 described with reference to FIGS. 3 and 4. First, an inorganic insulating film 32 and a 
polyimide film 33 which is subjected to only low-temperature baking are sequentially 
formed over a metal wiring 31 having a predetermined pattern which is formed over a 
semiconductor substrate, and then, the polyimide film 33 is coated with a positive type 
photoresist 34 (FIG 3(a)). Subsequently, light exposure and development are 

15 performed, and the polyimide film 33 is etched concurrently with development of the 
positive type photoresist 34 to provide a predetermined opening in the polyimide film 
33 (FIG 3(b)). After the positive type photoresist 34 is selectively separated using an 
organic solvent, predetermined heat treatment is performed to imidize the polyimide 
film 33 . Next, after the inorganic insulating film 32 is opened by a general reactive ion 

20 etching (hereinafter, abbreviated as RIE) with the polyimide film 33 used as a mask 
(FIG 3(c)), washing by water and polyimide reheat treatment are performed, so that the 
formation of an opening in a laminated passivation film including a polyimide film and 
an inorganic insulating film is completed (FIG 3(d)). 
[0003] 

25 As described above, in a conventional method for forming an opening in a 

laminated passivation film of a polyimide film and an inorganic insulating film, at the 
time of processing an opening, the inorganic insulating film is opened by a dry etching 
method such as RIE with the polyimide film used as a mask. Dry etching is a method 
in which a reactive gas is injected in vacuum so that etching is performed by chemical 

30 reaction. In general, for dry etching of a silicon oxide film (including a film doped 
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with an impurity), a silicon nitride film, or the like, gas including a fluorine element is 
used. General chemical equations in this case are given below. It is to be noted that 
F* refers to fluorine in a radical state which is extremely and chemically active. 
[0004] 
5 Si0 2 +F'->SiF 4 +0 2 
Si 3 N 4 +F'->SiF4+N2 

However, this etching gas produces an unsaturated monomer in plasma, and 
under the influence of this etching residue, a high-concentration fluorine remaining 
layer 35 is formed in a surface layer of the polyimide film as shown in FIG. 3(d). 
10 [0005] 

FIG. 4 shows the concentration of each element in a polyimide film in a 
conventional example as depth profiling. The horizontal axis indicates a depth in the 
■polyimide film, and the vertical axis indicates the concentration of each element. As 
shown in a graph (F-3), the concentration of fluorine is extremely high in the vicinity of 
15 the surface. The high-concentration fluorine remaining layer 35 is hardly removed in a 
subsequent treatment by a reheat treatment (350°C - 60 minutes). Owing to such a 
high-concentration fluorine remaining layer 35, the following problems occur. 
[0006] 

First, due to reaction by contact with moisture in the atmospheric air after 
20 etching or reaction between moisture intruding into a molding resin and fluorine in a 
fluorine remaining layer, hydrofluoric acid is formed, and thus, the corrosion of wirings 
is caused by the corrosion of pad portions or the like. The corrosion of wirings not 
only reduces yield of elements but also shortens the reliability life of the wirings and 
causes shortening of the life of elements. The reliability life according to a pressure 
25 and cooker test (high-temperature and high-pressure steam test, which is one of items 
for reliability assessment and hereinafter abbreviated as PCT) is 80 hours ~ 150 hours, 
which is short. Further, variation is widened. 
[0007] 

Second, adhesion with a molding resin is weakened by the existence of the 
30 fluorine remaining layer. According to a temperature cycling test (one of items for 
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reliability assessment, and hereinafter, abbreviated as TCT), separation from the mold 
occurs at 200 ~ 400 cycles. This makes moisture easy to intrude from outside, and due 
to this, occurrence of a problem or the like of the corrosion of wirings which is caused 
by the formation of hydrofluoric acid, is promoted. Accordingly, the level of 
5 reliability is further reduced. 
[0008] 

[Problems to be Solved by the Invention] 

As described above, a conventional manufacturing method of a semiconductor 
device has problems as follows: the high-concentration fluorine remaining layer is 

1 0 formed in the surface layer of the polyimide film by fluorine containing gas used for dry 
etching in forming an opening in the laminated passivation film including the polyimide 
film and the inorganic insulating film. Under the influence of this, after sealing with a 
molding resin is performed, the corrosion of wirings of a pad . portion or the like is 
caused, and further, separation from the molding resin occurs, which leads to reduction 

15 in reliability. 
[0009] 

In order to solve the above-described problems, it is an object of the present 
invention to provide a semiconductor device with increased reliability accomplished by 
almost complete removal of fluorine remaining in a polyimide film surface after dry 
20 etching, and a manufacturing method of the semiconductor device. 
[0010] 

[Means for Solving the Problem] 

In order to solve the above-described objects, the present invention provides a 
manufacturing method of a semiconductor device which includes a step of forming a 

25 laminated passivation film which has a step of forming an inorganic insulating film over 
a metal wiring formed over a semiconductor substrate, a step of forming a polyimide 
film over the inorganic insulating film, a step of forming a photoresist over the 
polyimide film, a step of providing a predetermined opening in the polyimide film by 
etching with the photoresist which had been formed into a predetermined shape used as 

30 a mask, a step of removing the photoresist, a step of subjecting the inorganic insulating 
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film to dry etching by RIE with the polyimide film used as a mask, and a step of 
removing a certain amount of a surface layer of the polyimide film. Further, the 
present invention provides the manufacturing method of a semiconductor device where 
the step of removing the certain amount of the surface layer of the polyimide film is 
5 performed by an 0 2 plasma asher method. 
[0011] 
[Operation] 

According to the semiconductor device and the manufacturing method of the 
semiconductor device of the present invention which is structured as described above, 
1 0 by almost complete removal of fluorine remaining in a polyimide film surface after dry 
etching, the corrosion of pads or poor adhesion with a molding resin can be suppressed, 
and accordingly, reliability can be improved. 
[0012] 

[Embodiment] 

15 One embodiment of the present invention is described with reference to FIGS. 

1 and 2. FIGS. 1(a) to 1(e) are cross-sectional views showing a manufacturing process 
of a semiconductor device in one embodiment of the present invention. Hereinafter, a 
manufacturing process of this embodiment is described. 
[0013] 

20 First, over a metal wiring 11 (thickness: approximately 1.0 urn) which has a 

predetermined pattern and is formed from, for example, Al-Si, a P-SiO film having a 
thickness of 1 um is formed as an inorganic insulating film 12 by a general plasma 
CVD method. The P-SiO film, which is the inorganic insulating film 12, is coated 
with a polyimide film 13 to a thickness of approximately 3.2 um (4000 rpm - 60 

25 seconds), and further, after baking at 140 °C (5 minutes), the polyimide film 13 is 
coated with a positive type photoresist 14 to a thickness of approximately 2.5 um (4000 
rpm - 30 seconds) and baking is performed at 1 10 °C (60 seconds) (FIG 1(a)). 
[0014] 

Light exposure is performed using a mask having a predetermined pattern, and 
30 then, development of the positive type photoresist 14 and etching of the polyimide film 
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13 are successively performed using an alkaline-based developing solution, so that a 

predetermined pattern is formed in the polyimide film 13 (see FIG 1(b)). 

[0015] 

Subsequently, the positive type photoresist 14 is selectively removed using an 
5 organic solvent, and then, baking is performed using a predetermined procedure ((250 
°C - 30 minutes) + (350 °C - 40 minutes)), so that imidization of the polyimide film 13 
is completed. After that, the inorganic insulating film 12 is opened by dry etching by 
general RJE with the polyimide film 1 3 having a predetermined opening used as a mask 
(FIG. 1(c)). 
10 [0016] 

Further, after removing approximately 2000 angstrom of the surface layer of 
the polyimide film 13 by an O2 plasma asher method, which is performed as processing 
of the polyimide surface layer which had been subjected to dry etching, that is, a 
fluorine remaining layer 15 (FIG. 1(d)), washing by water (10 minutes) and heat 
1 5 treatment (350 °C - 60 minutes) are performed, so that a laminated passivation film is 
completed which includes the polyimide film 13 and the inorganic insulating film 12 
without the fluorine remaining layer 1 5 in the polyimide film 13 (FIG 1(e)). 
[0017] 

In this embodiment, an O2 plasma asher method is performed as processing of 
20 the fluorine remaining layer in the polyimide surface layer. However, there may be no 
limitation to an 0 2 plasma asher method as long as a chemical etching method is used in 
which fluorine is not adsorbed again. Further, as the amount of removing the 
polyimide surface layer, 2,000 angstrom thereof is removed. However, of course, 
there is no problem in that the amount of removal is equal to or less than that as long as 
25 the fluorine remaining layer can be completely removed. Accordingly, for example, at 
least 800 angstrom or more thereof is likely to be removed in consideration of the result 
of analysis in this embodiment. The amount of removing the polyimide surface layer 
may be decided in accordance with the targeted laminated passivation film or conditions. 
Furthermore, there is no problem that the P-SiO film used as the inorganic insulating 
30 film and other constituent materials are formed from other materials as long as they are 

7/9 


English Translation of JPH7-58107 


suitable. The photoresist is not necessarily a positive type photoresist, and a suitable 

one is used in accordance with the case. 

[0018] 

FIGS. 2(a) and (b) show the concentration of each element in a polyimide film 
5 as depth profiling. The horizontal axis indicates a depth in the polyimide film, and the 
vertical axis indicates the concentration of each element. A graph (F-l) in FIG. 2(a) 
shows depth profiling of fluorine remaining in a polyimide film which has been 
subjected to processing of a surface layer of the polyimide film. A graph (F-2) in FIG. 
2(b) shows depth profiling of fluorine in a sample which is not subjected to dry etching 

10 after the formation of a laminated passivation film. For example, in the case where 
2000 angstrom of the surface is removed by an O2 plasma asher method as in the 
above-described embodiment, fluorine is hardly detected as shown in FIG. 2(a) in a 
similar manner to the sample in FIG 2(b) which is not subjected to dry etching such as 
RIE. 

15 [0019] 

As above, when an O2 plasma asher method as described above is performed, 
almost complete removal of a fluorine remaining layer in a polyimide surface is 
possible. Therefore, the following are provided as advantages. First, since there is 
no fluorine, the corrosion of pads and wirings does not easily occur even if moisture 
20 intrudes into a molding resin. For example, the reliability life of 400 or more hours 
can be obtained according to a PCT, which are 2.6 ~ 5 times longer than the 
conventional reliability life. 
[0020] 

Further, adhesion with a molding resin is stable since a fluorine remaining layer 
25 does not exist. Thus, separation from the mold does not occur in a TCT even when the 
cycles reach 1 000. Accordingly, a semiconductor device with increased reliability can 
be obtained into which moisture does not easily intrude from outside. 
[0021] 

[Effect of the Invention] 
30 According to a manufacturing method of a semiconductor device using the 
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present invention, a manufacturing method of a semiconductor device can be provided 
in which adhesion with a molding resin is good and the corrosion of pads and wirings 
does not easily occur even if moisture intrudes into the molding resin. 
[Brief Description of the Drawings] 
5 [FIG 1] (a) to (e) are cross-sectional views showing a manufacturing process in one 
embodiment of the present invention. 

[FIG 2] (a) is a drawing which shows depth application of fluorine remaining in a 
polyimide film after processing of the surface layer of the polyimide film, and (b) is a 
view showing depth profiling of fluorine in a sample which is not subjected to dry 
1 0 etching after formation of a laminated passivation film. 

[FIG. 3] (a) to (d) are cross-sectional views showing a manufacturing process in a 
conventional example. 

[FIG 4] A drawing which shows depth profiling of fluorine remaining in a polyimide 
film after dry etching. 
15 [Explanation of Reference] 

11: metal wiring 12: inorganic insulating film 13: polyimide film 14: positive 
type photoresist 1 5 : fluorine remaining layer 
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